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SUMMARY 



Developmental patterns of static balance ability in children 
at ages 5-9 were assessed by using a technique of electronic 
ataxiametry, consisting in the measurement of body weight dis- 
placement by pressure transducers, mounted to four footplates, 
each to bear one heel or toe part* The ob* ined fluctuation and 
weight displacement scores for various p< " ;ures, none lasting more 
than 20 seconds, turned out to correlate significantly with teacher’s 
evaluation of school readiness, basic arithmetic skills and reading 
achievement in samples of normal school children (1 Kindergarten, 

2 first grades, 2 second grades and 1 third grade, total N=206 )• 
Girls who were precocious in static balance ability in relation to 
boys, tended to show higher within sex group correlations between 
equilibrium control and between school and reading readiness* A 
sample of 33 undifferentiated Educationally Handicapped pupils at 
age 9, having a generally but not significantly lower static balance 
ability in postures with occluded vision, was efficiently dichotomized 
by ataxiametric scores into balance impaired and balance unimpaired 
subjects* The study seems to throw new light on the role of matura- 
tions! and organismic factors in the etiology of learning difficulties 
in normal and educationally handicapped children at the primary 
gi ^des* 
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INTRODUCTION 



Static balance ability is essentially the capacity to maintain 
the^ typical human, upright posture under various (sometimes stress- 
ful) circumstances without any overt displacement of the feet and 
without any other part of the body (besides the feet) touching a sup- 
porting object or surface. This function must be differentiated from 
keeping equilibrium whilst in motion, as for instance, when walking 
on a rail or climbing a tree. Actually, factor analysis has repeatedly 
shown that ’’static” and ’’dynamic” balance are represented by dif- 
ferent factors of motor ability, (Fleishman,1962) Thus, a child 
who seems to demonstrate good motor skill in riding a bicycle or 
in jumping over fences may still have difficulty to stand on one foot 
without moving. 

The anatomical, physical, physiological and psychological 
aspects of the human body’s static equilibrium have been extensively 
investigated by scientists from various disciplines, applying different 
methods and techniques. Medical research has tried to elucidate 
many neuro -physiological and physical factors involved in the act of 
standing, namely; muscle activity (Joseph, I960; Mann & Inman, 

1964); the location of the center of gravity and its displacements 
(Akerblom, 1948); the function of the vertebral column (Leger, 1959), 
the constellation of physical forces acting upon the ankle joint (Smith, 
1957); the influence of sex and aging (Boman and Jalvisto, 1953); 
Hellebrandt & Braun, 1939); neurological correlates (Fearing, 1924); 
the mechanisms of the foot (Hicks, 1953, 1954);re£Lexological aspects 
(Hellebrandt, 1938); effects of temperature (Orma, 1957), etc. 

Recently aerospace and naval medicine is giving increasing 
attention to problems of static balance (Graybiel and Ts regly, 1966; 
Fregly & Graybiel, 1968), Relative to this wealth of investigations, 
medical research concentrating on developmental changes in the 
neurophysiological mechanisms of standing seems to be scarce, 
whilst the anatomical problems of postural habits in children have 
evoked considerable pediatric interest, (For an overview on this 
subject see Leger, 1959). 



Psychological and educational research (and in the latter 
domain especially research in physical education), has been mainly 
concerned with strictly behavioral aspects of static equilibrium 
control. Some early publications on this subject date back to the 
beginning of the century (Hancock, 1894), Systematic data on the 
developmental patterns of static balance ability have been published 
by Oseretzki (1931) and by Sloan (1955), Norms for adolescents and 
young adults have been recently provided by Fleishman (1962) and 
for young children by Holbrock (1953), Kohen-Raz (1965), Stott (1968) 
and Keogh (1965, 1968). The main objective of psychological and 
educational research has been the establishment of developmental 
norms in order to predict physical performance and success of 
physical training. Recently systematic attempts have been made to 
investigate the impairment of balance in retarded and handicapped 
children. (Stott, 1968; Keogh and Oliver, in press). 
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All developmental studies report unanimously the precocity 
of girls in static balance ability and a steep developmental progress 
between the ages 5 to 8; which occurs somewhat later in boys* 

Several methods of measuring static balance ability are 
described in the above cited literature* The simplest and most 
straightforward way to assess equilibrium control is to measure 
the time of maintaining a certain posture without moving the feet or 
taking resort to support* This method is used in developmental tests 
of motor ability (Oseretzki, 1931; Sloan, 1955; Fleishman, 1962; 
Kohen-Raz, 1965; Stott, 1968; Keogh, 1968)* Although apparently 
reliable in older subjects, the relatively short timed pass/fail scores 
are of questionable reliability in children under the age of six. This 
approach has the additional disadvantage of measuring the incidence 
of failure instead of assessing the patterns of pe rf o r m anc e~ More 
sophisticated methods are based on the use oTdevIces^ c all ed 
ataxiameters or statometers* The principle of these methods con- 
sists in recording body sway, transmitted by means of a stylus at- 
tached to the head, hips or back or mounted to footplates. (Hancock, 
1894; Skaggs, 1932; Seashore, 1938; Smith, 1957). A peculiar machine 
has been constructed by Miles (1922) who used a headpiece attached 
to four mechanical counters, one for each direction of sway, (forward, 
backward, left and right). A rather complex statometer, combining 
a mechanical and electronic output system has been employed by 
Akerblom (1948). All these devices have been used foremost in labora- 
tory experiments with adults, whereas children in field settings were 
examined by the simpler methods of presenting timed test items. 
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OBJECTIVES OF PRESENT STUDY 



It will be noted that most of the cited studies tend to explore 
a rather narrow and closed system of variables within the frame of 
reference of a more or less intr a- disciplinary problem: u „ch as 
constellation, of physical vectors, variations in the electro - 
myogram as a result of postural changes,, relations between sex, age 
and body sway, effects of intoxication on steadiness, etc. 



At ce ^ain variance with these approaches it was the main 
purpose of this study to cover an inter -discipli nary border area 
etween neuro-physiological and behavioral research, namely to 
make an attempt to use the ataxiametric variables as a bridge be- 
tween a strictly sensori- motor, close -to-reflex-level and therefore 
presumably neuro-physiologically rooted response system, and the 
ys em o. higher cognitive responses, involved in complex mental 
achievements. The more limited and definitive aim of the study was 
to test the hypothesis that static balance ability represents a basic 
factor m the development of mental abilities which are pre-requisites 
lor school entrance, such as the correct perception of complex geo- 
metrical figures, basic manipulations of numbers and the ability to 
lead and write# 1 



9 honi7^ e £ e i n ! r 5\ baSi8 thiS assum Pfton, that equilibrium control 
shouid be related to cognition, is the well documented observation, 

nia l 7 au the field of neurophysiology, psychiatry and 

psyc o ogy, that the state of consc ousness, which is the necessary 

J > rf e c f C ? nd u tl i° n f ° r *? igher mental performances, is intimately linked 
to static balance ability, as obvious in cases of brain damage and 
states of intoxication. 

However, it would be erroneous to assume that this relation- 
ship is one of a sufficient, or necessary cause and effect. 

This limitation of causal relationship is evident in somnabulic 
or hypnagogm states during which static balance may be perfectly 
sustained, whilst conscience is lowered or eliminated. Further- 
more, acrobats with excellent equilibrium control are not r^ces- 

T ei jJ lnt ? U j g «^ the otli er hand, paralyzed subjects, 
unable to keep balance may possess high mental competence. 

Actually it must be emphasized that our hypothesis is strictly 
developmental/in that we propose to examine the role of static Y 
balance^bility m cognitive growth during certain, critical phases of 

8Uch ? S the transition Period from kindergarten to’ 
school. (Other such periods may exist, for instance the stags when 
the infant rises himself from sitting to standing, **or during the 
adolescent growth spurt). The major assumption is that during 

L C i kafle8 ’, 4 general Process of intensified brain maturation ef- 
feas physical and mental growth, as well as induces an increase 
and improvement of equilibr’ tm control. Before and after these 



TT- 



f comprehensive theory of developmental interaction between 
physiological, psychomotor and Cognitive functions and further relevant 
references see Rothschild (1961)* 

**Sore relevant findings In this respect have been recently published 
by the principal investigator. (Kohen-Rax, 1967, 1963). 



"growth thrusts, " the relationship between static balance and cogni- 
tion may drop to insignificant levels or vanish altogether* It may 
turn out that such assumed "temporary liaisons" between neuro- 
physiological and mental functions may represent a fundamental 
developmental principle* Its ignoration may mislead the investi- 
gator to search for an overall, age -independent relation between 
mental and physical growth, and when he fails to discover it, he 
erroneously concludes that the relation is non existent* 

Metaphorically this principle may be compared to the rela- 
tion between a wooden plank and a sea wave, drifting it ashore . At a 
certain moment the wave carries the plank and both, wave and wood 
move in common sway. However, after a while, the wood is left 
behind and follows its course, whilst the wave splashes ahead* In 
a similar way, a physiological process may stimulate the growth of a 
mental function at a certain moment of development, "carrying it on 
its back, " so that a common growth spurt appears in both functional 
areas* However, later on their growth rhythm and impetus disengage 
and diverge, and both follow independent patterns of development* 

Even within the limits of our developmental hypothesis, it 
should be stressed, that static balance ability may represent only 
one factor, though possibly an important one, of cognitive school 
readiness** This means that a fair number of cases may exist, 
whose static equilibrium is perfectly normal, but their failure to 
adapt to school stents from psychogenic conflicts or socio- cultural 
disadvantage* On the other hand, children with low balance control 
may be of normal mental ability, although these latter instances may 
be rarer than the former* Still, such findings would be compatible 
with the emergence of significant correlations between equilibrium 
and mental variables, indicating that cases of learning difficulties 
may be classified into low achievers with possible constitutional, 
organismic or maturational deficits, which are manifest in impaired 
balance, and into those who are educationally handicapped because 
of purely psychological or sociological factors* In the latter case 
equilibrium would be normal* But even such a finding would justify 
the effort to test our hypothesis, besides the theoretical importance 
of throwing more light on tangible patterns of "nature-nurture" inter- 
action. This theory of interaction is widely accepted as a general 
principle, but lacks specific content, so that any demonstration of 
such interaction in the form of factual, measurable processes is 
important to the investigator and practitioner in the field of psycho- 
logy, pediatrics and education* 

Besides testing the main hypothesis, it was the aim of the 
study to elaborate a method of electronic ataxiametry (which will be 
described in detail below). This method was supposed to meet the 
following demands and criteria: 



♦For a detailed presentation of the problem of intrinsic relations 
between motoric and cognitive school readiness see Kohen-Raz 
( 1965 ). 



a. It should yield reliable and objectively measurable data 

of performance patterns, in contrast to the crude pass/fail criteria 
of the traditional testing procedures of static balance ability. 

b. It should be possible to use the method in laboratory 
settings as well as in the field, i. e. in school premises, where 
large populations of students can be teste* 1* 

c. The administration procedure should be eas short and 
keeping the child alert and motivated. 

An additional pragmatic aim of the study was to widen the basis 
for interdisciplinary activity between the pediatrician, the develop- 
mental neurologist and developmental psychologist, and to facilitate 
the cooperation between the medical, psychological and educational 
school personnel. 



THE METHOD OF ELECTRONIC ATAXIAMETRY 



Apparatus and procedure 

The principle of electronic ataxiametry is the measurement 
of body-veight distribution, whilst the subject stands on four foot- 
plates provided with electronic pressure transducers. Each plate 
supports one heel and one toe part of the two feet respectively. 

The heel and toe plate are fixed one behind the other, so that there 
are actually two plates, one for each foot, which can be freely 
moved and adapted to various forms of postures, such as "stand at 
ease," "heel to toe" etc. Whilst the sum of pressures recorded by 
the transducers on the four plates approximates the total weight of 
the subject, the distribution of pressures over the fourfold set 
plotted against time, shows fluctuations of weight displacements, 
which reflect the amount and direction of sway in forward-backward 
and left-right direction. In addition, the average percentage of 
weight placed during a certain period on one, two or three plates 
can be computed, indicating the tendency of the preferred location 
of the center of gravity in relation to the supporting area. 

"When the subject stumbles, steps off the plates or takes re- 
sort to arm support, the pressure on the footplates decreases 
abruptly and the failure is thus easily detected in the record of the 
electronic output. 

The transducers are mounted in a way which makes them 
minimally sensitive to horizontal weight displacement and maximally 
sensitive to vertical pressure. This technical detail is important, 
as otherwise the exact location, form and seize of each foot would 
have to be measured, which would render the method impracticable. 
On the other hand the insensitivity of the plates to horizontal shifts 
makes it possible to achieve an easy and simple control of the foot 
position by placing the ankle bone (lateral mallelus) above the divid- 
ing line between the front and rear plate. In such way the dividing 
line passes below the arch of the foot, which is a satisfactory 
criterion to ensure a fair front/back dichotomy of foot pressure. 

Using electronically sensitive foot-plates, especially with 
children, would still be a questionable technique, as any wiggling, 
turning around and movements of hand and neck result in changes 
of weight distribution liable to produce artifacts in the record. 
Besides this, stepping on the plate causes violent deflections, so 
that some time is needed to establish a "quiet" base line as a frame 
of reference for the actual performance of maintaining equilibrium. 
In order to control optimally these factors the following essential 
parts were added to the foot-plate set. 

a. The "feed-back device" consists in a series of 16 lights 
and bells, which lighten and sound in synchrony at regular intervals 
from the beginning to the end of each experimental period lasting 
20 seconds per equilibrium -test item. The lights have various 
colors and are mounted vertically on a piece of embedding material* 
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The bulbs lighten from the bottom to the top, as if reflecting the 
'mounting effort" required to keep balance. The bells play a 
structured tune, also suggesting "mounting," Besides being an 
additional attraction, the bells provide feed-back during the blind- 
folded positions. The child who is instructed to keep his balance 
until the top bulb lightens and the tune is finished, is strongly 
attracted by the ongoing spectacle and keeps optimally still and 
attentive, * 

b* Arm support is provided by two horizontal bars placed at 
a distance of 4 to 5 inches from the child’s hips. Their height and 
distance can be adjusted to the individual seize of each subject# 
Whilst stepping on the plates, the child is asked to hold the bars 
until the Examiner gives the command to leave the handles and to put 
t e hands on the hips. The removal of the arm pressure from the 
handles starts the play of the lights and bells and also activates an 
electronic pen marking the moment of shifting the total weight onto 
the footplates. If the child takes resort to arm support, touching 
the bars automatically stops the music and lights, whereas regain- 
ing balance and leaving the bars reactivates them, whilst the failure 
is electronically recorded. 

These devices, besides producing records of a base line, of 
starting and end points of the experimental period, as well as of 
moments of failure to maintain equilibrium, motivate the child to 
keep a relative steady position and to abstain from voluntary turns 
of neck and trunk. In addition, the handles give the child a feeling 
of security, specially during maintaining the more difficult postures. 

The ataxiametric test -battery 

The choice of postures to be used as ataxiametric test-items 
is wide and many dimensions of stress and difficulty can be induced, 
such as 1) extended time of balance maintenance, 2) occlusion of 
vision, 3) restriction of the support area (by standing on one foot, 
heel to toe, on tiptoes or by narrowing the width of the plates,) 

4) tilting the supporting platform, 5) balancing objects whilst keep- 
ing equilibrium, etc. On the other hand, an important requirement 
of any ataxiametric test battery to be administered to children is 
its brevity. Even with the use of our spectacular feedback devices, 

an< * k°f e ^ oir * ma Y show up and introduce intervening variables 
which are difficult to control. There are some additional features of 
test construction and administration which have to be considered: 



The more difficult items should be interspersed among the 
easier ores and not appear either at the beginning or the end of the 
test. Occlusion of vision must be postponed until the child has 
adapted himself to the experiment. W hilst it is impossible to rely 

^Experience has shown that the children were fascinated by the 
device and are eager to watch the play being repeated well beyond 
the time they were expected to remain task oriented. 
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on the child to close his eyes, imposed blindfolding might have 
adverse effects on motivation. It was therefore decided to ask 
the child to wear a pair of sunglasses wrapped by a large vision- 
occluding paper tissue. This technique has the advantage of being 
familiar to the child and amusing. It is also hygienic, because 
the paper tissue can be easily changed. 



Taking into account all these and other considerations, a 
temporary battery was designed, which obviously is still far from 
being a final and optimal form of an ataxiametric test. However, 
it seems to fulfill the requirement of brevity, whilst still cover- 
ing an essential variety of postures* 



The experimental period for each item was 20 seconds, which 
is long enough to yield an evaluable length of ataxiametric record, 
without producing excessive strain. Rest periods between items 



varied between 10 seconds to one minute. 



rli’vi ncr which the postures 
“ *"~0 * ' — 



and positions of the plates were changed. It seemed not to be 
advisable to fix exact time limits of rest periods, as this would 



have induced more tension than additional experimental control* 



The final selection and sequence of items was as follows: 



1. Standing normally with eyes open. The plates are placed one 
besides the other, without any space left between them. This 
forces the Subject to stand with his feet parallel and close, which 
is not as usual a posture as it may appear. (Other investigators 
used more M comfortable M positions as representative postures of 
normal standing, such as stand at ease, toes apart, etc.) This is 
a convenient posture to start with and is actually used chiefly in 
order to familiarize the Subject with the apparatus and the pro- 
cedure. 



2. Standing on left and right foot respectively, with eyes open . 
This posture involves considerable stress, but as eyes are kept 
open, children readily perform it. 

3. Standing normally, blindfolded. This is the same posture as 
item 1, except for vision being occluded by blindfolding the child 
as described before. 

4. "Modified Romberg 1 * Position, eyes open . This posture is 
midway between normal standing and the Romberg (heel-to-toe) 
position, in that the heel of the right foot is placed to the right 
side of the left toe, as depicted on Figure 1 a a This requires 
shifting of the footplates. 

5. "Modified Romberg" Position, blindfolde d^ 

6. Romberg Position, left foot behind, eyes open. This is the 
traditional posture used in routine neurological exWninations. 

The right heel is now placed in front of the left toe, and the plates 
are arranged accordingly, as shown on Figure lb. 
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FIGURE 1 



MR and R POSITIONS OF FOOTPLATES 
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7. Romberg Position, left foot behind, blindfolded. 

8. Romberg Position, right foot behind, eyes open * 

9. Ro mberg Position, r ight foot behind, blindfolded . 

Postures 8 and 9 are similar to postures 6 and 7, except 
that the rear -front position of left and right foot are switche ♦ 13 

switch in the Romberg posture was originally intended to explore 
effects of laterality. A similar switch is possible in the Modinea 
Romberg, but was not included in order to keep the test short. 

The item "Standing on one foot with eyes closed" was also elimin- 
ated after it turned out to be stressful, difficult and unreliable,. 

These 10 items (Standing on one foot consists of two items, 
left and right foot respectively) require an administration time o ^ 

7 minutes approximately, including instruction and "warming up. 

Henceforth the following abbreviations will be used throughout 
the text and tables for the various posture -items: 

NO - Standing normally, eyes open 

OF - Standing on one foot, eyes open (left and right foot 
combined). 

NC - Standing normally blindfolded 

MO - Modified Romberg, eyes open* 

MC - Modified Romberg blindfolded 

RO - Romberg, eyes open 

RC - Romberg, blindfolded 

Method of scoring and evaluation 

The ataxiametric record as obtained by means of a four 
channel polygraph, consists of four curves, each depicting the 
weight displacement fluctuations registered by the two heel and two 
toe plates respectively. When the Subject stands without arm sup- 
port the sum of the four deflections read across the four graphs at 
every time point equals the total body weight. Averaging the ordi- 
nates within a certain time span for the output of a single plate or 
group of plates yields the average percentage of body weight placed 
on that part of the ataxiameter. 

The graphs lend themselves to traditional methods of wave 
analysis and there are many ways to classify and measure these 
ataxiametric wave patterns. However, it was beyond the scope of 
this Pilot study to explore the wealth of information provided by the 
ataxiametric output, chiefly because at this stage of research the 
graphs had to be analyzed by eye and hand. Methods of computer 
analysis, which will be employed in the future, require, besides 

♦Unless*' specially marked, all the M and R positions refer to rear 
placement of the left foot, for reasons which will be explained later. 
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expensive instrumentation, a well established rationale and 
system of scoring, which at the beginning had to be found by 
visual inspection of the graphometric data. The scoring method 
exmployed in this study is therefore only tentative and fragmen- 
tary. It may be still far from an optimal and most effective way 
of ataxiametric data evaluation and processing, which hopefully 
will be found by the aid of computer analysis. 

Pretesting and preliminary experimentation has shown, that 
whilst the feet are in the MO, MC, RO and RC position, the burden 
of weight and balancing activity is borne by the rear foot. There- 
fore the analysis of rear foot patterns of these postures provides 
a score which is largely representative of the whole item. In a 
similar way, it was found out that whilst standing normally, the 
weight rests predominantly on the heels , so that again, heel 
fluctuation scores can be considered to be indicators of the whole 
performance. It should be noted that in both cases, the remaining 
ataxiametric recordings (namely those of the foot placed in front 
during the MO, MC, RO and RC postures and those of the toes 
whilst standing normally) - are complementary to the already 
scored parts of the item, as the sum of deflections in the four 
channels is constant and equals total body weight. Consequently 

mo 1S j 1 - 80 sufficient t0 score the heel (or toe) fluctuations of the 
Standing-on-one-foot" postures. In this case the patterns of the 
second channel (the third and fourth being silent) are the exact 
mirror image of those produced by the first. 

The presently used scoring method is thus as follows: 

OF position: The distances between the peaks and bottom points 
withm each of the first 15 second intervals of the heel waves of the 
left and right foot respectively are measured and summed, (The 
last 5 seconds of the performance were not evaluated, as stan- 
dardized motor tests have shown that 15 seconds is a normal upper 
limit beyond which most children of the investigated age groups 
fail to keep balance). The score is defined as "Amplitude Score." 

N_Q and NC position: To evaluate these items, the points of 

intersection of the wave with ordinates placed at one second in- 
tervals are assessed and the distances between these points and 
e i a / e ^ ne are calculated for the 20 second performances of 
the left and right heels. The sum of discrepancies between suc- 
cessive pairs of adjacent distances yields the so-called "Fluctua- 
tion Score. In addition, the two distances created by both heels 
in synchrony at each of the 20 ordinates are added, resulting in 
20 part sums. Again, the discrepancies between adjacent part 
sums are calculated and their sum yields the "Synchrony Score." 
This score indicates, how well the Subject, whilst standing 
normally, is able to balance on his heels and how much he uses 
forward-backward sway as additional control. An individual who 
would oe able to keep his equilibrium by heel balance alone would 
have a Synchrony Score of zero. Finally, Fluctuation and Syn- 
chrony Score can be added to a single score, to be used as indi- 
cator of static balance activity during this posture. 
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In a similar way. Fluctuation and Synchrony Score are 
computed for the MO, MC, RO and RC positions* However, in 
this case, instead of using the two recordings of the left and 
right heel, the two recordings of heel and toe of the foot placed 
at the rear are analyzed* Consequently, the Synchrony score of 
this posture measures the amount of forward sway between the 
two feet placed one in front of the other* For RO and RC only the 
first 15 seconds are evaluated, for the same reasons as for the 
OF position. * 

As the deflections produced by the electronic ataxiameter 
are actually measurements of weight, they must be divided by the 
total weight of the body, as otherwise scores of individuals of 
varying weight {and of course age) would not be comparable. All 
Amplitude, Synchrony and Fluctuation Scores, presented in this 
report are thus operationally defined as percentage scores, indi- 
cating the percentages of body weight displacements in relation to 
total weight^ This purely operational value of the score should 
not be confounded with the impact of body weight on balance con- 
trol. a problem which will be discussed in the following section* 

As already mentioned before, it is possible to measure the 
average percentage of body weight placed on a certain part of the 
foot-plate set. In the context of this investigation, it was decided 
to assess the percentage of weight borne by the rear foot in the 
MC, MC, RO and RC positions. The calculation is as follows: 

The 40 (or 30) distance units already calculated for the measure- 
ment of Fluctuation and Synchrony Scores, are added and divided 
by the total weight, times number of distance units* This score 
will be referred to as "Weight Displacement Score." 

Not all the theoretically possible scores were elaborated 
for the purpose of the present study, chiefly because of economy 
of time required for eye reading of the graphs. Furthermore, it 
seemed futile to use scores which showed a low test re-test 
reliability. The actual scores which have been computed for the 
whole sample of this study are the following: 

OF - Sum of the two Amplitude Scores for left and right foot 
NC - Sum of Fluctuation and Synchrony Scores 
MO - Left foot in rear position - Weight Displacement Score 
MC - Left foot in rear position - Weight Displacement Score 
RO - Left foot in rear position - Sum of Fluctuation** and 

Synchrony Scores 

RC - Left foot in rear position - Sum of Fluctuation and Synchrony 

Scores. 



* Touching the floor or the handles results in large deflections 
which naturally cause the amplitude, synchrony and fluctuation 
scores to increase. It seemed therefore not necessary to score 
these "failures" by an additional scoring procedure* 

** The Fluctuation Score of the RO and RC postures was computed 
only for the heels, as the toe fluctuations turned out to add no 
essential information. 
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It will be noted that no postures with the right foot in rear 
position were evaluated* This is due to the fact that these pos- 
tures have low test-retest reliabilities, in contrast to the pos- 
tures with the left foot placed behind the right* We assume that 
this discrepancy is an effect of laterality: in right handed sub- 
jects, who are the majority of the population, the preferred acti- 
vity of the right hand, whilst standing, requires counter -balancing 
activity of the left foot* On the other hand, during the M and R 
positions, the rear foot bears the burden of equilibrium control* 

It seems therefore plausible, that the left foot, better trained 
to counterbalance, will produce more reliable postural balance 
when placed at the rear. 

Methodological considerations pertinent to the use of 

_a;taxiametj:ic scores as experimental variables • 

According to physical law the human body in upright, stand- 
ing posture is in a so-called "not stable equilibrium, M because 
the center of gravity is located above the area of support and thus 
tends to move downwards, i.e. the body would fall if the force of 
gravity would not be counteracted by muscle activity, which in turn 
is controlled by the neuro -physiological function of M static balance 
ability* 11 In this context it should be noted that it is much safer to 
fall forwards than backwards, chiefly because the arms can be used 
as snock absorbers* Therefore when equilibrium is threatened, 
the body tends to lean forward. 

The amount of "stability" of a physical body similar in form 
and position to a standing human subject is positively related to its 
weight and to the area of the support, as well as negatively related 
to the vertical distance of the center of gravity from the base* 

Thus, if the forces of neurophysiological balance control 
would remain constant in the growing child, his physical stability 
would increase by virtue of weight increment and growth of the 
plantar surface* On the other hand, increasing height would lower 
the degree of his stability. In addition to these three factors, the 
physical structure of the growing body changes its dimensions and 
proportions which must be taken into account when an attempt would 
be made to calculate the developmental changes in the interaction of 
the purely physical vectors determining body equilibrium. Obvious- 
ly, an imaginary magic doll which would glow- in its body proportions 
like a child, whilst being kept in standing posture by an unchanging 
mechanism of equilibrium control, would not maintain its uprlgkt 
position* This means that in children, static balance ability is a 
function which has to adapt continuously to the changing mass and 
proportions of the growing body, a process which in itself would be 
worth to be investigated* This also implies that static balance 
ability is foremost a dependent variable, in that height and weight, 
and a host of unknown factors determine the amount and range of 

physical forces to be counteracted by neurophysiological equilibrium 
control* — 4 B 
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However, in the frame of reference of the present project, 
static balance ability is treated as an independent variable, the 
dependent variables being the cognitive processes involved in 
school readiness. Ideally, if the laws of the intrinsic relation- 
ship between static balance and body growth would be known* we 
would probably possess a formula which would statistically con- 
trol the impact of body growth on the former, so that the cogni- 
tive variables could be correlated with "uncontaminated static 
balance ability," However, research as far as we are informed 
at this moment, has not yet produced such developmental data, # 

On the other hand it must be kept in mind that cognitive 
variables on their part might be correlated with weight and height, 
although according to literature, these correlations tend to be 
positive, low and insignificant, (Abernethy, 1936; Jones, 1939; 
Jones, 1965), 

Finally consideration must be given to the fact that our 
ataxiametric scores are percentages of weight, so that a heavy 
child might have a low ataxiametric score {indicating high stabil- 
ity) by virtue of his weight, which by physical law renders his 
posture more stable and which in addition, functions as a denomi- 
nator in his score. This circumstance would be suspect to cause 
spurious correlations of stability with weight, in a way intelligence 
quotients tend to correlate spuriously with chronological age, be- 
cause the latter is the denominator of the IQ, However, the effects 
of such a spurious correlation between weight and ataxiametric 
scores are limited by the following factors: 

a. The numerator of the ataxiametric score (i,e, the 
seize of deflections) iis directly proportional to weight by virtue 
of the design of the apparatus, which is basically a type of elec- 
tronic scale s„ This counterbalances the function of weight in the 
denominators and is supposed to cancel it out. This interdepen- 
dence is fundamentally different from the nature of the IQ, where 
mental age (the nominator) is not a direct function of chronological 
age (the denominator), although it correlates with the former, 

b. Weight is substantially correlated with height in the 
growing child, but the latter has a negative effect on stability and 
would thus tend to countei balance the increase of stability gained 
through greater weight. 



♦Physical medicine has investigated the position of the center of 
gravity, the distribution of forces at the main joints, involved in 
standing, i,e, ankle, knee, hip and neck, etc. These studies 
however have been carried out on adults and are not focused on 
individual differences and developmental patterns* (For an ex- 
haustive bibliography on this subject see Akerblcrn (1948), Joseph 
(1960), Leger (1959) and Smith (1957),.) 
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In the light of all these considerations, it is obvious that 
any methodological use of ataxiametric scores as experimental 
variables must include a statistical control of weight and height,* 
For all practical purposes of the present study this control may 
be achieved by the traditional method of partial correlation# 
Hopefully further research will lead to an elaboration of ataxia- 
metric scores which would include coefficients of correction, 
reflecting the factual interaction of physical and physiological 
forces operating during the maintenance of equilibrium# 

As to the extrinsic intercor relations between ataxiametric 
scores, mental tests and weight and height respectively, (which 
have been calculated in this study for the sake of eliminating the 
effect of the latter) - their mutual direction can by no means be 
predicted and may show considerable variation# Partialling out 
weight and height must not necessarily lower the correlations 
between ataxiametric and mental scores* They may eventually 
increase, especially when height is eliminated, which tends to 
correlate positively with cognition and negatively with stability. 

On the other hcrnd, partialling out of weight, supposedly related 
positively to both, cognition and stability, would be expected to 
cause a decrease of the correlation between ataxiametric and 
mental scores# Of course, the combined control of weight and 
height might be mutually counterbalancing, so that their elimina- 
tion might have only a little final effect on the relationship between 
cognition and static balance ability as measured by the ataxiameter# 



* The additional intervening effect of plantar surface is supposed 
to be minimal, in light of its high correlation wieh height, once 
the latter has been controlled. Besides, its effect is minimized 
by virtue of the insensitivity of the plates to horizontal weight 
shifts within the individual plate area# 
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